We calculate the mass of the 0 −+ triple-valence-gluon resonance, the trigluon glueball, by virtue of the QCD sum rules. Result shows that the mass of the trigluon glueball lies in between 1.9 and 2.7 GeV within the scope of theoretical uncertainties. Moreover, it is likely that the BES new measurement of the pp enhancement near threshold in the J/ψ decays exhibits the existence of this trigluon state.
So far, one of the mysteries remaining in the Standard Model is the undiscovered elusive gluonium, or glueball, which is theoretically expected based on the non-Abelian and confinement natures of Quantum Chromodynamics(QCD). Although struggled in experiment for many years to fix it up, there has been no clear evidence yet. Due to the gluon self-interaction, the valence gluons inside the gluonium, suppose it exist, should be heavily "dressed" through the vacuum fluctuation. This kind of non-perturbative interaction, together with the bound state confinement effects, makes the theoretical investigation pretty tough. A even worse situation is that there might be a strong gluonium-quark hadron mixing, which may obscure the predicted gluonium detection in experiment.
In the method of SVZ QCD sum rules [1] , the hadrons are configured by different interpolating currents, and the sum rules are established by matching the correlation function to hadronic states. In the correlation function, the short-and long-distance strong interactions are separated by means of the operator product expansion(OPE), where the former is perturbative calculable, whereas the latter are treated as process independent parameters. the SVZ QCD sum rules method has been widely applied to investigate many hadron properties, like hadron spectrum, and obtained a general success. Although this approach is plagued by its large theoretical uncertainties, it gives a model independent treatment of hadrons, and, at least, qualitatively its results are reliable and meaningful. Especially, before the Lattice simulation, which starts from the QCD first principle, can make a more precise prediction on the physics of hadronic states, e.g. glueball, the QCD sum rules will still be a very useful tool for these kind of studies.
The two-valence-gluon resonances, the two-gluon glueballs(or bigluonium), have been studied extensively in the literature. Within the scope of QCD sum rules, the mass spectra of 0 ++ scalar glueball [2, 3, 4, 5, 6, 7, 8, 9, 10, 11] and 2 ++ tensor glueball were calculated [12, 13] , and their masses are set to be 1.6(±0.3) GeV and 1.7(±0.5) GeV, respectively. According to Lattice simulations, for instance [14, 15, 16, 17, 18] , the 0 −+ glueball should be the third lightest pure gluonic state. The corresponding theoretical investigations on it has been done, but limited to the two-valence-gluon glueball, that is the leading Fock state in Fock space expansion. It should be noted that the 0 −+ glueball can also be constructed by tree-valence gluons, which is different from the next-to-leading Fock state of the bigluonium in Fock space expansion. About this point, one can easily find similar cases in the quark hadron sector.
In this work we calculate the three-valence-gluon 0 −+ glueball mass by means of the QCD sum rules. We find that the only independent triple gluon Lorentz irreducible and gauge invariant conserved current for 0 −+ glueball is
Here,
f abc are the antisymmetric SU(3) structure constants, and G a µν is the gluon field strength tensor. The two-point correlation function is defined as:
where |0 represents the physical vacuum. After a lengthy calculation, which will be presented elsewhere, we derive the correlation function up to order of four-gluon condensate, like
Here, µ is the renormalization scale; Q 2 ≡ −q 2 > 0; the coefficients are
and the condensates are defined as
The dispersion relation with subtractions reads as
In the narrow width approximation, the imaginary part of the correlation function can be expressed as:
where M is the glueball mass, f is the coupling, and ρ(s) is the spectral function of excited states and continuum states above the continuum threshold s 0 .
After performing the Borel transformation
to the above sum rule, the moment R k is obtained to be:
Employing the quark-hadron duality approximation 
we have R k (τ, s 0 ) = 1 π s 0 0 s k e −sτ Im(s)ds .
Then, the glueball mass can be extracted from the ratio of the above moments, i.e.,
Taking the first two moments, x n n! .
From what obtained in above, we can easily get the analytic function of glueball mass relying on the Borel transformation parameter τ .
In practice, we take the input parameters to be
in the numerical calculation; those are numbers commonly used in the literature. The numerical dependence of glueball mass on the τ is presented in Figure 2 . From the figure, one can find a stable window, in which the glueball mass changes slowly with the variation of Borel parameter τ . The excited states and continuum threshold parameter s 0 is taken to be 6.5 GeV 2 according to the method in reference [10] . Below this point the mass variation with the increment of s goes very smoothly. Therefore, we can conclude that the gluonium mass falls in the scope of 1.9 to 2.7 GeV. This result is in general agrees with Lattice calculation. However, as noted that a three valence gluons glueball is constructed in our study. This implies that one additional dynamical gluon attributes less than one GeV to the glueball mass, not as what normally think in the hybrid case. In recently, the BES Collaboration has observed an enhancement at the pp threshold with the quantum number of 0 −+ [19] . It has been explained to be a pp baryonium state [20] , or gluonic state [21, 22] . In our understanding, it is probably a mixture of baryonium state with the glueball(both two-and three-gluon states), which is also proposed in ref. [20] . However, we think that if the baryonium-gluonium mixing is the real picture of the reality for the BES observation [19] , there should be large component of three-gluon glueball inside. The arguments for this idea are:
1) The observed pp enhancement is close to the mass scope of 0 −+ glueball in our calculation.
2) The new observation exhibits large γ + pp(and also three mesons) branching ratio relative to the two meson production processes in comparison with the decays of other known states. This unique character may hint that the new state has relatively strong coupling to six-quark final states [25] . In the picture of the three gluon glueball, this is easy to be understood, since the three valence gluons can split into six light quarks easily and form pp final states.
3) Theoretically, the rate of J/ψ radiative decays to three gluons is in a similar order of magnitude as to two gluons, while we should enforce a proper physical cut to avoid the infrared singularities to draw such a conclusion [26] .
4) The missing ΛΛ threshold enhancement implies the obvious flavor SU(3) breaking and favors the idea that what BES observed is a mixed state of pp baryonium and glueball, and the latter with a mass closing to the pp threshold. The pure baryonium interpretation meets the difficulty of large SU(3) breaking, while pure gluonic state interpretation has an overshoot mass. The three-gluon glueball-baryonium mixing(oscillation) picture is a simple and nature one to this understanding.
In conclusion, in this paper we calculate the 0 −+ three-gluon glueball mass by means of QCD sum rules. We find that the mass lies in the region of 1.9 ∼ 2.7 GeV, which is consistent with the Lattice simulation result. Since our calculation is limited in the leading order(where the instanton contribution has not been included ), and due to the uncertainties remaining in the input parameters, the mass prediction can not be very precise. In our leading order analysis, non-perturbatively, only the triple-gluon condensate gives contributions to the glueball mass, whereas the two-and four-gluon condensates vanish after the Borel transformation. In further effort on the aim of making an accurate prediction, one should include the higher order corrections from both perturbative and non-perturbative sectors, in which the two-and four-gluon condensates contribute. Furthermore, the instanton contribution should also be taken into account.
Last, what we process in this work, to calculate the three-valence-gluon bound state mass, is partially motivated by the new observation at BES. From the naive arguments listed in the above context, we think the BES new observation of an enhancement at pp threshold might be a mixed state of baryonium and three-gluon glueball. Nevertheless, if our conjecture is true, how much the gluonic, or baryonium, content engages in the observed enhancement still needs more investigations, in both experiment and theory.
